Nanobastões de ZnO com morfologia similar à de escovas, estrutura cristalina do tipo wurtzita (hexagonal), diâmetro médio de 90 nm e comprimento ≥1 μm, foram preparados por calcinação (700 ° C) do material híbrido (Zn(II)/albumina) obtido pelo método sol-gel reagindo-se acetato de zinco e clara de ovo, em meio aquoso. O material foi caracterizado por difratometria de raio-X de pó (XRD), microscopia eletrônica de varredura (MEV) e de transmissão (TEM), análise termogravimétrica (TGA/DTA), e espectroscopia FT-IR e de fotoluminescência (PL). A área superficial foi determinada como sendo igual a 6,91 m 2 g -1 pelo método BET. Os eventos térmicos no TGA/DTA foram consistentes com a decomposição da albumina a 300 °C e a formação final de ZnO em 578,5 °C. Os resultados mostraram que a albumina desempenha papel essencial na formação dos nanobastões de ZnO, atuando como molde.
Introduction
In recent years, there have been many reports on novel preparation and characterization methods of nanomaterials, based on metal oxide semiconductors in general and ZnO in particular, owing to their special properties. 1 ZnO nanoparticles, with a wide band gap has found to be an efficient candidate for utilization in optical devices operating at room temperature, because of their catalytic/photocatalytic activity and use as CO gas sensor. Furthermore, ZnO is a material with excellent chemical, thermochemical and mechanical stability, which can be used to absorb ultraviolet light, protecting us against this hazardous radiation. 2 Nanostructured ZnO with as different shapes as one dimensional (1D) nanowires, [3] [4] [5] [6] [7] nanotubes, 8, 9 nanorods 10 and nanobelts, 11 two dimensional (2D) nanostructures such as nanosheets 12 and nanowalls 13 and some three dimensional (3D) nano/microstructures such as nanoflower and tetrapod like structures, [14] [15] [16] [17] have been fabricated by means of various methods. Thus, the fabrication methods of ZnO nanomaterials can be classified into two categories: (i) vapor phase processes and (ii) solution phase routes. [18] [19] [20] [21] [22] [23] Recently, solution phase routes including microemulsion, 23 solvothermal, 14 hydrothermal, 24 self-assembly and template assisted sol-gel methods have been utilized for the synthesis of ZnO nanostructures. 22, [25] [26] [27] However, to the best of our knowledge, few are the reports on the utilization of biotemplates for the synthesis of ZnO nanostructures. 28 Here we disclosure a new method for the preparation of brush-like ZnO nanorods using albumen as a natural and nontoxic template, and water as a green solvent. Vol. 22, No. 3, 2011 
Experimental

Equipments and methods
The characterization by XRD was carried out in a Siefert 3003PTS diffractometer, using CuK α (λ = 1.5406 Ǻ) radiation and 0.4 g of the powder material, enough to the cavity of the sample holder. The samples for scanning electron microscopy (Phillips XL30) were prepared by depositing the material on brass holders and coating them with a thin layer of gold. Transmission electron microscopy images were recorded using a Philips CM200 microscope equipped with a Field Emission Gun. The samples were prepared by dispersing the powdered material in methanol and transferring a drop to copper grids (Cu-200 mesh) coated with a thin layer of carbon, and letting dry at room temperature. This process was repeated 3 or 4 times to assure an enough amount of material deposited on the grid. Infrared spectra were registered in a Bruker, Tensor 27 DTGS FT-IR equipment in the 400 to 4000 cm -1 range, using samples prepared in KBr pellets (5 mg per 100 mg KBr). Photoluminescence spectra were recorded in a Perkin Elmer LS-55 spectrofluorometer equipped with pulse Xenon lamp, using a triangular quartz cell. Thermoanalytic measurments (PLSTA 1500 TGA/DTA) were carried out in air (flow = 75 mL min -1 ), in the 25 to 900 o C range, and temperature gradient of 10 K min -1 . The N 2 adsorption/ desorption measurements (Belsorp mini-II instrument) were carried out at 77 K. Samples were heated at 473 K at a rate of 4 K min -1 , followed by degassing at this temperature for 2 h under vacuum (1×10 -5 mbar), and N 2 was introduced by pulse method for several times.
Synthesis of ZnO using albumen as biotemplate
All reagents were of analytical grade and purchased from Merck Chemical Company. In a typical procedure, egg white (albumen, 15 g) was slowly added into a magnetically stirred solution of Zn(II) acetate (25 mmol) in distilled water (20 mL), at room temperature. After vigorous stirring for 10 min, the white solid was filtered and carefully washed with distilled water. Then, distinct samples were calcined at 400, 500, 600 and 700 °C, for 3 h, and characterized.
Results and Discussion
XRD characterization
The XRD patterns of ZnO before and after calcination at increasingly higher temperatures are shown in Figure 1 . As can be inferred from the noisy and structureless diffractogram shown in Figure 1a , the white precipitate obtained by the reaction of Zn(II) salt and albumen is amorphous, probably due to the presence of the organic phase. However, low intensity and narrow peaks was observed after calcination at 400 °C, indicating the onset temperature for formation of a crystalline phase. The amount of crystalline phase increased as a function of temperature (Figure 1b-1e) , such that intense and sharp peaks were observed for the material calcined at 700 °C, as expected for a highly crystalline material. The peaks located at diffraction angles (2θ) This is a clear indication that the surface area depends on average particle size and morphology of nanoparticles.
SEM and TEM studies
Scanning and transmission electron microscopy studies were carried out in order to confirm the morphology, size and structure of the crystallites. Typical SEM images of ZnO/albumen hybrid, calcined at 700 °C for 3 h, are shown in Figures 2a-d . As can be seen, a large amount of nanorods with more or less homogeneous diameter (ca. 90 nm) Figure 1 . XRD patterns of (a) as-prepared Zn(II)/albumen hybrid, and after heat treatment at (b) 400, (c) 500, (d) 600, and (e) 700 °C, in one atmosphere, for 3 h. and length (ca. 1.1 μm) was revealed. Interestingly, they seems to grow on the top of a thin layer of densely packed, much shorter nanorods and nanoparticles, giving rise to a brush-like morphology (Figures 2c-d) . In fact, more detailed characterization by TEM revealed the formation of nanorods with hexagonal crystal structure, as shown in Figure 3 . The diffraction pattern of a selected area (SEAD) is shown in the inset, confirming their high crystallinity, and that are growing along the 001 plane. To the best of our knowledge, this is the first time that such a simple method was used to prepare ZnO nanorods, revealing the significance of our contribution to materials science field. The size distribution histograms based on diameter and length are shown in Figures 2e and 2f , respectively.
TGA study
In order to improve the understanding on the preparation method, the thermal behavior (up to 900 °C) was investigated by TGA/DTA. A typical profile of the asprepared Zn(II)/albumen hybrid is shown in Figure 4 . The thermal decomposition takes place in three steps. The first endothermic process, with weight loss of 8%, is observed up to 100 ºC and can be assigned to the loss of weakly bond water molecules. The second exothermic event occurred in a much broad temperature range (200 to 500 ºC), encompassing a weight loss of 50%, is consistent with the decomposition of the albumen template. The third process at 578.5 ºC perhaps due to the organic residue decomposition (34%), leading to the formation of zinc oxide with wurtzite-like structure, which is stable up to 900 o C. This reaction is consistent with the sharp exothermic peak observed in the corresponding DTA curve.
FTIR study
The FTIR spectra of pure albumen and as-prepared Zn(II)/albumen hybrid are shown in Figures 5a and 5b , respectively. They are very similar exhibiting characteristic peaks at 3275, 3042, 2922, 1655 and 1526 cm -1 , attributed to the N-H, C-H, C=O and C=C stretching vibrational modes, respectively, confirming the presence of the biotemplate in the hybrid material. After heat treatment at 700 °C for 3 h, those peaks disappeared (Figure 5c ) indicating the decomposition of the biotemplate and formation of ZnO. The strong absorption band at 500 cm -1 is characteristic of ZnO nanostructure vibrations. 31 A broad band appearing at 3422 cm -1 is related either to water or hydroxyl groups adsorbed on the ZnO surface, as confirmed by the peaks in the 1100 to 1650 cm -1 range, that can be assigned to the bending modes of hydroxyl groups. 3 
Photoluminescence study
The room temperature photoluminescence (PL) spectrum of brush-like ZnO nanorods is consistent with that previously 22, No. 3, 2011 reported in the literature, 32, 33 as shown in Figure 6 . The broad emission band centered at 425 nm can be attributed to the radiative recombination of electrons in the conduction band with holes in the valence band, while the strong and narrow blue emission at 480 nm probably is originated from the recombination of oxygen vacancies or other defects with interstitial oxygen. The green emission peak centered at 535 nm is attributed to the recombination of singly ionized oxygen vacancy with photogenerated holes. [34] [35] [36] [37] [38] The UV absorption spectrum of a dispersion of ZnO nanorods in ethanol, exhibiting a broad absorption band at 374 nm, is shown in the inset of Figure 6 . That band is not found in the bulk material. The PL spectrum was blue shifted and consistent with a band gap of E g = 3.51 eV, in comparison with bulk ZnO (3.47 eV). In fact, the band gap depends on the particle size and morphology of nanoparticles, as reported by Yadav et al. 39 Vanheusden et al., 40 who proposed that the green emission can be assigned to the recombination of photogenerated holes with electrons occupying singly ionized oxygen vacancies. Huang et al., 41 suggested that there is a relatively large concentration of oxygen vacancies in the nanowires because a progressive increase of the green light emission intensity was observed, relative to the UV emission, as the nanorods diameter decreased.
Conclusions
Brush-like ZnO nanorods were successfully prepared by one-pot reaction of Zn(II) acetate with albumen as biotemplate in water, by the sol-gel method, and subsequent heat treatment of the hybrid at 700 °C. The biotemplate was completely removed after calcination leading to the formation of highly crystalline brush-like ZnO nanorods with wurtzite-like structure. The material has a narrow size distribution and average diameter of about 90 nm and ≥ 1 μm length. The surface area was found to be 6.91 m 2 g -1 . Particularly significant is the role of the biotemplate that induced the formation of nanorods with specific morphology of nano-brushes. Surface defects are expected based on the PL spectra and SAED of the nanomaterial, which should be suitable for application in photocatalytic reactions.
